Introduction
The applic&tion of low-speed turbulence modeling approaches to the calculation of high-speed boundary layers has proven quite successful, even up to Mach numbers on the order of 20 (e.g., Ref. 1). However, for shock waveturbulent boundary layer interactions computational results which are based on essentially low-speed turbulence models are generally unsatisfactory when applied to separated flow cases, where the mean flow is no longal largely pressure driven (e.g., Ref , _ 2-3).
The shock wave, from a simplistic viewpoint, could be considered as a very steep prr..sure gradient. Indeed, low-speed information, both theoretical and experimental (e.g., Refs. 4-5),
for ouch pressure gradients indicate that "rapid distortion" concepts hold and, in the limit of extremely sharp gradients the Reynolds stress and turbulence intensities are "frozen ; " since there is insufficient residence time in the gradient for the turbulence to alter at all, let alone equilibrate. However, experimental information for shock wave-boundary layer interactions indicates significant amplifications of Reynolds stress and turbulence intensity across the shock wave (e.g., Refs. 6-11) and subsequent improvement in the capacity to withstand separation (Ref. 12) . Evidently some new physics, associated perhaps with compressibility phenomena, is responsible for this amplification. Thiip is a situation where our extraordinary good fortune in applying low-speed turbulence modeling to high-speed flows has expired.
The simpler aspects of the shock wave-turbulence interaction, i.e., the 
Numerical Method
The shock wave -turbulent boundary layer interaction is sufficiently complex that It 's effectively impossible to isolate experimentally its basic physic.,al mechanisms.
Numerical computations offer a means to examine individual effects under controlled conditions. However, not even twodimensional direct Wavier -Stokes simulations of the shock wave-turbulent boundary layer problem are yet feasible. The compromise that will be adopted here is to perform numerical computations of a simpler situation: 
Model Problem
The model problem which is used to study the turbulence amplification and generation mechanisms Is illustrated in by Ms . In the presence of fluctuations the shock front will develop ripples.
The structure of the shock is described by the function x s (y,t). The numerical calculations are used to determine the state of the fluid in the region between the shock front and some suitable left boundary xL (t) and also to determine the motion and shape of the shock front itself.
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Go" ruing Equations
The physical domain In which the fluid motion Is computed is ,given by XL (t) 4 x t x0(t)
t ;1 0.
The change of variables
produces the computational domain
The stretching parameter a is typically of order 1.
The fluid motion Is presumed to be governed by the two-dimensional Euler equations. In terms of the computational coordinates these are
where 6 ORIGINAL PAGE* aS work, referred to below as MW, was performed very much later than the pioneering studies cited in the introduction. But since it leads to equivalent results and is more accessible and tractable than the others it will be used as the basis for comparing the nonlinear calculations with the analytical predictions.
A standard setting for the two -dimensional linear theory is depicted in properties are given in Table 1 .
The normalized amplitude of each wave type is denoted by A' with an identifying subscript. Since the mean flow is to the left, the fast acoustic wave uses, the negative sigrt in the dispersion relation. A slow acoustic wave can also be present under some circumstances. 
The only coupling that exists between these linear waves occurs at the shock f rout. It is this coupling that is responsible for the situation displayed in the figure; an incident fast acoustic wave whose wave front is inclined at n angle 0 1 to the shock front produces a transmitted fast acoustic wave at an angle 0 2 and generates both an entropy and a vorticity wave at an angle 0 3 . The analytic nature of the wave coupling occurs in the boundary conditions applied at the shock. They are applied not at the distorted shock surface itself but rather at the undisturbed shock front. As the actual shock distortion increases, the linearized boundary conditions become less reliable.
The key results of the linear theory are the transmission and generation coefficients. For an incident vorticity wave 
was performed. The wave amplitude at that value of x was taken to be the quantity a^ + as These amplitudes can then be averaged over an appropriate range in x to obtain a single numerical estimate of a transmission or generation coefficient. Samples of the x-dependent amplitudes are given in Fig. 4 .
Although the actual transmission/generation coefficients are independent of the incident wavelength X = 27r/k in the linear limit, the quality of a numerical simulation depends upon this parameter. There are two competing considerations. As X increases, the number of grid points per wavelength increases. Thio leads to better numerical resolution. However, as a decreases the shock passes over more waves during a given tims interval. This leads to a more rapid attainment of the steady responses. Since the numerical grid coarsens as the calculation proceeds, some compromise between these two demands is necessary. Our experience has been that reliable simulations require that at least one full wavelength be established upstream of the shock and that there be at least 10 points per wavelength at the end of the calculation.
Results for Strong Shocks
The regimes for which the assumptions of linear theory appear suspect are weak shocks, strong disturbances, and the vicinity of the critical angles. On the other hand, the linear theory has proven quite robust at the smaller angles of incidence. Figure 5 indicates that there is no significant difference in the transmission/generation coefficients between 0.1% and 10% incident amplitude. (The one apparent exception --the lo o acoustic transfer coefficient --is probably caused by the ill-conditioning of the least squares fit at low incidence angles.) Calculations at higher amplitudes for 300
waves suggests that linear theory is valid for acoustic wave amplitudes up to 25% and for vorticity wave amplitudes up to 100%. In the latter case the upstream Velocity fluctuations are 73% of the mean stream.
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Results for Weak Shocks
Since the shock weakens as the Mach number tends to 1, the shock front will undergo greater distortions from an incident wave of fixed amplitude. This wave is not adequately resolved under these circumstances. For X = 2, however, the generated acoustic wave is so long (it has a wavelength in the x-direction of 2.7) that a full wavelength has not yet established itself behind the shock. Perhaps the discrepancy here is due to transient effects.
An interesting observation about these nonlinear calculations is that by tailoring the wavelength of a low amplitude incident wave to suit a specific response wave, the linear theory prediction for that particular response can The refracted entropy-vorticity wavevector is drawn to 1/3 the scale of the others.
In this illustration the shock is stationary, which is a convenient frame for linear theory. 
